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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a substrate 
and its forming method wherein, in a strain 
layer/stain-applied crystal layer structure, the 
crystallinity deterioration of the strain layer due to 
crystal defects caused in the starin-applied crystal 
layer structure is reduced and the strain layer/strain- 
applied crystal layer structure is formed with a thin 
film on an insulation layer. 

SOLUTION: An insulation layer on a Si substrate and 
an SiGe layer on another Si substrate are bonded, 
using the semiconductor laminating technique, and the 
Si substrate at the SiGe layer side is removed by 
polishing, etc. 
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t % miEI6»l«±«c^KWU« L T »f& S ft»-7-«fq L 
/cT> K-^JR l co iffiESS l co**f*JI 

-hWi** Wtsy- KI&ailKT<omEfS2<n¥Wtt 
)f(7)*ffi*c^SHfc^^^^««i:, <btfifE io 

#2 0¥W#««lc % mE^**/MW*&*LT£iMc 

2CO^*f*:Jl{»J(7)G eH^ 3 0 a t m% £ 9 *:T*£> 5 
S i G e , W1ESB 2 a*S i T'fcSit 

3 ] jffiEJB 1 O^WfMtt S i G e mX'h <9 , 
^o«Jie«fifflfJOG e t&dtdS 3 0 a t m%KTt, HUlS 
JB2<04 £ *flcJi«JOGe»rtc*S3 0 a tm%«fc 20 

#4lE«<7>¥*#3£Bo 
[»**4] X«*9S(c|ftRKSr»Ar«xa^. SBl 
^12 ±fc»|ft S H/c«Jf H * # 

trMfEMlHR&l/ffitlBJR 1 «t 

5i:«o^-frsisi:, »e» 1 <o¥m»m t sueib 

IK#*5] Il0¥«*i^2 0^ft:i±(:M 
£ iblCHUEfl 1 <D¥«f|cJ|±^«M«rffJli-&xm«r 
Jg 2 o¥*ftti J: 5 MB 0 *to**«nEX8 

6 Iltfc 6 r fc Sr W« i I" 6 11*4 4 IS^co ¥*tt£E 40 

BoWftfrK. 

»*»=K«o*HK:lBl«>ap*flcJi*r»J«i-*XSi, Mr 
EJfelUR;&0<ttEff$ 1 <fc 0 fcffiE 

*«fcWE*W*K«S:!go*fc-&-5xat. ttE* 1 

*LWlre*l^*W*M*r*-T-«SiSiS:SXat, iftE 
|t 1 0*W#:J1±«C» 2 CD^iltWf £«Jf LittJlEiB 2 CO 

riti-6Xa^:, flJE«B«ifttc F7>^^«t5 so 



[is^ri 7 ] sb 1 <r>*mtoma>m 2 co¥w*»±u:j&ja 

*ixfc«»fI**i-6«Ji*tE«r»fi!t"*-6«iExaii, 
3 <bMlfflEfB 1 (/)^lil:l6ii^«lt6Xi$: 
mES4R<t«!E«il*«i:«rmElft*Bt&LI««lE 
IB l <o*W«:JI«:**D-fr5 J: 5lcjR0**?-fr5«lfExa 
14, MES«±lc«rtSnfclft»iltmE*l^*Wft: 

6 iit^^ r. t <t -r ^ 7 Ett*>* w<*3£ 

®co^it^-?£o 

[»*JI8] MESl <0*Wf«IttS i GeHT'^, 
WE«B2(OM t *frJlJiS i ftfJiESB 1 co^gft: 

■«r»*-r5xatt, mE»iw^##:«6o % mfct&m 

IS k&tolt btlZ>W<DG e8^3 0%J^T-C, fflES 
l«o¥«#JiO, fiflE!B2<D**ft:Ji*5S§i-5fiB«9<^G 

1 o^«f|cj|oftA SxaSr^tfi»*4 7 co^ 

[«*«9] *«<b, m&mtiL±.\zMf&£ti,ti&mm 

cofBico^MWJI^ «rE»i^^W#Ji±^^**t 
fc§l oB 19 *^S**r#-r ** 2 o^WfM £ «r JWHr 

[0 0 0 1 ] 

[0002] 

[a*oa«] Si*|ft*f, ^WMOSFET 

h7V^^^)tte(i, ^:«.«^aiHlK (LSI) co it 

7^>fR*ffO«jNB^(DRR» % S i CO 
^r-Y y T^SJS— 0«iS*^^iB«*tU, MOSFET 

co * b ft ^> KttUBft^^HMI * a** It v * 60 
[0 0 0 3] -^d^^^-^co^^jb-co^ 

it, mz-tis i <t «9 t>a»»»»«oiav^G a a 

[0 0 0 4] UWfjGaAs#»*»ft«SiC 
[0 0 0 5] ^rT\ m ; fiE#<ffil'^ftTV>5 s i t"^< 



3 

[0 0 0 6] -<7>fctf>lc, S i <0«^»»«£r*n±£ii: 
S i -MO S F ET&ft&m<k1rZ>mftfr1it>tiX\t* 
6 0 s i <n#9hi£&[*\±.&-&z>j?m<»v>tit it s i 

(0 0 0 7] ftflsWUlfi, S i S«±{C S i «t <9 "bJ&T" 

£tfS i G (JL^T, ICS iGelil^) 10 

tt*««rf *J: 9l£»< (ft/im) ML, wWft^-* 
»SiGel±IC»V^Sii (ftnm) £ffM1-£<t, 
S i G e t S i (O^T-^(7)i(Ci: o t^A^^^ofc 
£S i «2WBj**iX* Q 
[0 0 0 8] r^J:5 4SIS ii^rMOSFETOf + 

£ar£#*#S*LTl*5 (J. We 1 s e r, J. 

L. Hoyl,S. Tagkagi, and J. 

F. Gibbons, I EDM 9 4- 3 7 3) , 20 

[0009] ±tc s i n WT-^MK *■ rft Ji * * ssuro 

^irLT, MO S F ETOf t*^ft*i 9 i< t5 

[0 0 10] 5 fctf), SiS«±K»»l» 

^US iiWUcSO I (silicon o 
n insulator) jf<Hc^*/Hf 51ft 

7^yu-^3y*ti5OT, ^iS^ftcoisa^*^^ 30 
[0011] ^«^»»fioffl±&JH«n?* 51 S 

ii^ nm&m<DmfL*?m*ftmi>mg,tftz> so i 

[0 0 12] 3te1\ ilA(^fJ:p(^ WSiSS 
1 ICS i Oz1&m$&2 b\0 nm—3 0 nmOSO I 

13«^ti/cSOili^lL, :osoiSi 

J:l:S i <t «3»^3e«C0*^V^G efil2 0%C7)S i G 40 
e|4^SOH3J:^ fc+5>J»<*J*i-S. 

[0013] #cM, m i biot1J:5(^ gUt^H^* 
r-i i o ow^/^iemtniiaots i 

Gel4^f)SO I JgS^muZtltzBl (S 
TRAIN) Ciot, SO I ■ 3 a*»tt*« Lfc^l* 
fDl"5p PWiCS iGel4t)MfDt5o :« 

Wa^tso i gs+cusilteffi^^^^-r * h 

(Etttt£<0<E4fc3 3dS»^1"5o 
[0014] te-^afq S i G e m 4 _hlC»K<7) S 

itr»tft5^tluJ:ot, 3lo3f 9M^£;fr1-£lS so 



^2 0 0 1 - 2 1 7 4 3 0 



[0 0 15] WSO 1 )■ 3 *(C«^1"6tett 3 3C7)*: 
tplz.fflcztbbtiz>frif^ fe+mns i G e/f 4«*Mc(± 

[0 0 16] LfrLtttfb* »^«fn<Dfc«e>lctt*#B 
^*T* 1W1 10 0t(7)^T7^;u$rltt<b 1 
/lO^m^I^St S iGei4^)MCt)fc 

7)S#7^o*:o ^£Oi(niS ilSCMOSFET^W^ 
W#*^&»tf-r6<D-C*>a*S, £S i 11 5 Oj£tfH£<D 

*ftrt*»**^#tt 4: * # < S * S ^Iffitt^ 

[0017] It Si Ge*4&»^«fd£-ti:5<t# 
tc^Lfc^Pfeti. ro&coy-K ««/£^<ojgfiK^o 

*?flft! ! aiasT'bHi«i-?)*&-&}ftss>9, ^cisn 

5 co fefttt «r SfeMb £ -fr 6 «r*Btta« £> 5 0 

[0 0 18] S O I 1 3 L^^rlfP^ t^it^W 

te{4 3 3£S i G e ^ilitcfe^^it-ftl^fc^tcfj; S i G 
e IS 4 £!£ M mJ£*±JJ2f£ L ft tttltfft b ft I \ 

[0 0 19] L7^Lft7^^^ftOf£W£^;i5<^ 
ofcSO l*««5SoS**Sr+»t-**1-5fe«)^fiS 
i Ozij&ftJf 2;6^^Y*/Hf T*&5^S i!5it^ 
m**mt>1toz.Z> Z-t Zo Lfcj55oT»^m 

OS i G e 1 4 l:M L^tt^^^V^(7)^T1i 
S O I fcV\ 

[0 0 2 0] 

HSWasJWfcLJ: 9^-f5^jg] ±3fiLfc«fc51^ 
©^ife-Ctt, SOlS«±lcM$tiSf-y^I^/i 

^CliSO I SWlgi^WK SOU 

[0021] so i mmmmm±<Dm 

ti-s. 

[0 0 2 2] 



(4) 



»M 2001-217430 



-hmmt. wiiey- htt**a[TcoirtiBfB2co*#»: 

%2(n*mi*mm^, m^^^mm^it-LxKi^c 

[0 0 2 3] S««9B(c|fi|tg|«:«A 

**ifc«JiJi*r*-*--5«i«4R*r»*i-6X«i:, WIS 
X« <t WfEiBJi t «rffiGlfiltH[& t/«JKJB 1 <o * W 

2^^«(*iii:oa[B«|ig^^i-6xm<t. WJtaffiS 

IE*Wflc«««rl»* LftfliSfS 1 <D*m#m * 

[0 0 2 5] £fc. *3gWi. iffifES«_htc:» 
Jl±«c»^$n^5lo!S«3» : ? : ^S:fl-i-S!K2<7?4 £ * 

»m t * jut*- z *»*s«-e* 5 • 

[0 0 2 6] #»IEfc:fe^T«r*B« 2 O*W«:JBc0»^- 

ffltS. *io**#iattt*ttft»S(i^ SiG 
e -Cfc 0 , ^2 <D*m&m t LTft*tt4W»fi S i T* 

[0 0 2 7] fcr%"C, SitGeO*#tt**8tt, 
^it^Jtxl. 17*S<fctM. 2 21?*)5, 

[0 0 2 8] I^xt^^v'-y/U^MTS i 40 
±T*S iGei^S i ^^r^HgT'ffi^-r^^, H2 A 
(Ctj^-T X 5 S iGe|4' <D&*\*T<D Sif3 <D% 
fl:i^LTHl:»L, SiGei4' ICH^HE* 
m<09lo«9a^C6. :w<t9^SiGel4 / ± 

[0 0 2 9] £/c#Rl#!#fll¥l 1 - 1 2 1 3 7 7-^-^ 
ct£#Jffl LTS i G e/f (C Y—s<^> b$m<D 1 0 20 - 1 



CM P^^F^lC^a k<0-C*>6„ El 2 Bl*- C7)t£ffi(-;fc 
(tStt^»^&«^Wlc^LfcfcWT#>"5, S ilCB 
m\)$ i Gel4 ' ' fcmmZtlXK*) % S <blCS i ■ 
5 ' £fSJf-r>5 e BMsflDS i Gei4 ' li^^^y 

* h v'<tLXfem&lnz>i><nviikvi& : ££ti2>o ±ta 

Htl^^:<7)S i ililStlCiD^TS i G e 
(B) JI4 ' ' ^P,J»tt**<x6B«r4#L««JBE*S 
^-W-r^^ t :c07^W^iHt(?)S il5 

[0 0 3 0] r^^XJli LtlS i m&tef&-f 

Z>tzib! l zl*1fi&<om 1 A&t/EIl BOJ: 9ICLTS i / 
SiGe/Si W3Ji«jgS:^figi--5*i5fe«c:J:o-CfcJt 

■MkK±2±lcjHrft(c«LT»rtL. ^o±(cs ii 
5^tt»^-«ftS i GeJB4tcJ:D, Ho#t;fr|6]lc:+# 

3 3^i:fcso 1 ^3 bfttitev^tztb, ms \ms<D 

[0 0 3 1 ] *«WO»jt*«fett, SiGei^ 

&*rffl^S£JM*>fei\, reofc^Ki&T-— /u<fc 9 Mil 

rt^V\ LfciSotttBTttS i G e Ji<Dlp:££ 
«*ft*J:l9*<i-6wi:^-C#. KlilOS i Ge 
S, S iJlo^H-l|CS«:tt*o»2/3a«t*-c»BI 

[0 0 3 2] **Wlc*5V>X, Sl^»Mo»Sfi 
8 0 n mJ^T, * 2 <0^»ft:JlOJKff« 1 0 n mJ£JLt 5 
OnmJ^T, *10**«cJlXU 5 iB2 0*#«:Ji60^H- 
(Dmm&ftl 0 0 nm^Ttffc5^fc^atU\ 

[0033] *&m<D*m»mmAi**mi*mm\z&\,^ 

Xy «2W^*flEJB«S i, 110^*111 ^2(7) 
**#IiOGeffl^l0 0%m ^2(D#2gfls:S 
tK»«IA s 0%J: ^t**)5S i Gei-efci^L 
V\ Sb«ca*L<*i!B2co*i»*JidsSit , «>t). fgl 

3 0 atm% J: "9 # I ^SiGe/f 5 r j&Sffl* L I \ 
[0 0 3 4] *3t, **WJC*5V^T, SlOf^fS: 

its 1 o>¥m*mn**toKmt:Bis*to 

CO^»«c®{|ijC0G eEW3 0 a t tn%J: ^t'fe6S 
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3 0 a t m%^T*)i:t^i Lt> e 
10 0 3 5 ] 

[oo36] m\ <r>ntkmm) m 3 n*&w<»m i <?> 

[0 0 3 7 ] ft-f, HI 3 Alc^-fJ: SiMU 
IC^^S i »<bW2«r^fiK-t-6o SiHMbR2li, dr 10 
ymtm, we tM^(DMM^CVD (Che 
mical Vapor Deposition) 

[0 0 3 8] El 3 BC^fJ; 9 gij(7) S i g& 

2ll(C^S iGe!4^Mf6o SiGef4li 
&#ft{c:(iT> K->^ ZtlZa *fcS iGei4ll'> 
* < £ <b S i £fi 2 1 {RIJCOG e «&fifc*s 1 0 0 ^ 
®<Ri|C0G e»J##0%J: 9 ^^t^t^ST'fcSo £ 
6tCS i G em4nM&t&it<Dtitb\Z3 0 a t m%£ «9 20 

'>ft < <h 4> S i 2 1 iRiJCOG e 3 0 a t m 

%J:9*:it5C^i*U\ GeM^3 0 a tm 

<t5wi^T#5^P)'Cfc5. SiGef4(7) 
Ge|&fi5cf4 8 0 a tm%^TT'fc^Ii:^I* tl\ 
[0 0 3 9 ] S iGef4li N CVD (Chemica 
1 Vapor Depos i tion) N MB E (M 
olecular Beam Epitaxy) ^ Xs< 

Gel4^CVDT'Mt6i^i, S i <DmttW#X 30 
tGe<DffiW&tfX&^ mtUX 5 5 O'C^OffeLfcS i 
g«2 ll{3Altiif6o 
[0 04 0] S i ®HbR 2 0±® 2 s i S i G e 

« 4 <o±m 4 s Sr^-err , m& U21 19 
oo-7oot) ns.(D^-p\T^-/ut, mv&t>itm 

loot:, ib*BIJ) roiitliS iGe 

[0 0 4 1 ] [§] 3 Cizffk-tX ?{ZS i 2 1 £ 40 

#JHH-5o :o^s i S«2 l^bS^-CV^JEEJBM 
«^ns i Gei4m«ft$W, 

[0 0 4 2] :<D^Si 2 1 CO^ffiO S i JB 5 £ 
r<»<»i"J: 9t:f^^S i Gel4^WfD$tl 

■T^r ttSte^fy h^SM^tt^AftfcifiS i^5 
[0043] r COi: 9 LT S i S« 1^ ICO S i S 

«i±lc*tf*Jxfcs i R4bR2 :osi»fti2 

±lc« 5 **>*JC J: »fiK 4 iX7t*^-«ftS iGel4 so 



CK)»^-«fqS i G e/§4 ±\Ztef&£tlti&S i H 

[0 0 4 4] Si SHbK 2 <h ft^ttfp s i g e m 4 t 12 

[0 0 4 5] Wmm^mMTM* S i Gei4iTio 
<tt^ LT, fc-f S iGei4 £te-?-*$*D 4 it, &ICMB 
EKVDftl;J:oTS/!l3 >l^r< ^< SfifcftS-fr 

[0046] CI CD J; 9 {Z^Sb S i G e m^frMffcZtlX 
t^/c S i 2 1 £Bfc*-f $ aiaoTS iGel4 
£rteT->fgftj£-t£<5JCte 1 0 nmJ£A±8 0 nmJL^T, ^(O 
S i G e Jl 4 izMffc £ it £> 31 S i H 5^8t*« 1 
SOnmJL^T, S iGe!4i:lS il5Wif ^^3 
0J^±1 0 0 nmWTT*)5^i^S*U\ -ttUdJ: 

[0 0 4 7] ^fc. s i m&2 1 <Df&ixibz>\,*i±nmt 

fb^WR^fcfltaWWB, *fc»R*b«ofl^o*&-tt 
^it'l^PACE (p 1 a sma a s s i s t e 
d chemical dry etching) 
if£fflV\h,tf «fcl\, *««tlCS iGei4tfcliS i 
m&2 1 (dzMRSr&AU *<Ofg7k*£&ALfcffia><b 
fJ^-r<57k^^Jgt&^S ig^2 1 ^MHF»^ 
^"C*y«i-S»RWb«feftif«rfflt>-Ct>J:v\ 
[0 0 4 8] *»W-Ctt, !S 0 ^;b-ti:X&lffl<a S i 
2 «x.W!5 0 nm£+#K»E^S i Gell4 

«rJKj*Lfc»^«, SiGel4«IM^0^ 
f:iaT#St^o L^L^^^>r(OJE3HI$tircS i 
Gef4lt KU^-^a, S i 1 ^r^R^bfc^ 

VM4fJ«li-5r irtCioTS i g«2 H^S i Gel 
4 — W^Ppj!nia»** s *ttSo :HTSiGe|4li 

[0 0 4 9] Sii«21 «rl»*i-6RlOft«tt, S i 

aA«o#J«lxSS:ffl^fe»^fi x *J««o*ffi^J!En 
MC^r tds^)5 0 ^tcPACEjsfe-eii^D-fe^tcjg 

[0050] ztitb><om&n. mmitmzm^Tkm, 

LT, S i StS2 1 O^ffi^ffifc-SV^i^F^^OlHlffi 
[0 0 5 1] SiMl^Si £«2 lit, CZ, F 
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[0 0 5 2 ] S i mWi2 1 *<O^F#B*fiO«flE^« 

ais i 7"'s<^ *m 5 so i «5gfi % si i ci^-r 
*5»frsts<bit-<T, s i ttfcKttflM 2 ±o^gf m& 10 

*r2/3a*(C*-C»<-*-5Zt*Spr*T*>S. 

S i Gei4^EiCin6«Ilt 1 0%JWJJS;« 

[0054] in i 2tt±*Bosg>'y ^yfscM^n 

/cMI SFET (MOSFET) <7)Br®i§I-C&>£ 0 ^CO 
MI SFET(iWTOJ:9iaTM^ 0 tfIS 

«nga^JW*>f^->dsy— h®HkJg| 1 0 1 ^ITft 

[0 0 5 5] fticy-h^tli 0 uicy-Mii 
0 2 fc&*zKy 3^*2 ^EcvDfci^M 

Lfc&, rcD^y v-y ^>-^£R IE (R e a c t i v 
elon Etching) — 

[005 6] ftny-MSl0 2?rv^^{:LT, U 

9, niV-^i«10 3 v niKW^l 04^ 

MpflCflt^wtlCj: «9 pf-Y^A«M I SFE 
[0 0 5 7] JifECDi 5*C*rt*tt^M I SFETIi, 

SFETIi**10 OnmKTOf^SO I 

i^5 0 r©«*B|lAlCj[*lfcMI SFET£#5 

r^^-C#So 40 

[0058] m2<Dmmmm) w 4 2 <o 

So 

[0 0 5 9]*HIWl:jo^Tft S i»R2 1 
t^^fv-yyWS ij|6«r«dc1l, S iGel4^«| 
U I(7)S iGel4J:ICS i KffcK9 *»fi!l LfcfcO 

[0 0 6 0] 5fei* . 0 4 AJC^i-J: 5K> Si S^l ± 

[0 0 6 1 ] ^tc!H4 Blc^-fJ: p ^fobfrCbb%\\<DS so 



i s^2 1 ±.izm*tef&mttezs \ @6^^t°^^v 

(tlWJflllCS i G ei4«$nio S iGef4liS 
*«iaiT>' K— :/£*ix6„ ^:SiGel4li'M 
< t t, S i m 6 ftiJCDG e mrictf* 1 0 0 %*lflL Sil6 

^li&fcMWJ^G elft^o%J:^-e*)5:^M>S-C 

#)So &b\ZS iGei4lt m&1&ik<nfiLlb\Z'pt£< 
thS imem, J:«9ii L<l±±ft<DG e®.f&&3 0 
a tm% < t^it5It^a*LV^ 0 Geffl**3 0 
a t m%J: <i-£<t, 31 s i JBlcfctt-SW^Wj 

S^ri«<i-5Ci:^T*#6^^r**)6 <> — *, SiGe 
i4WGeMli8 0a t m%^Tt'fc6^ t^l* I 

[0 0 6 2] £ ibiCCCO^S i G el4ll:S i MfcR 

[0 0 6 3] El 4 CM^i"* 9(C, S i m\M 2 

^)±I2siS i^M90±i9s<!r^tT, 2o 

^kl9^-^irsi^Mi2t/^ 0 3f9i^fc> 

*«tts iK«[i 2<nmwtnt>*iz>o 

[0 0 6 4] «^t>-fr«lC, 7k*aA^«toTf»J««: 
tT54§-&«S ii6 £ S i£«2 lOfffifcKIt S 
i Jl6l|iHc*Sf£r&Am, S i X«2 1 dS*JHtSix5 0 
;l<7}J: 5i-i"5r <b"CS i«2 l a^SttTi^fcJEtt 
^BBtt^tbS i Ge JB4^»T-«SJ$ixSi:P]«F(c» 
^Ml^/^S i /f 6 (cM^*f£A£4x5 0 

[0065] rcoj; 9t-Lt\ Si Sti t H rcos i 
StRi ±tc^$ttfcs i EHfcJIlSi 2 :osi»ft 

ii 2±.\zm*)&t>i£iz.*. <oMf&£thit#*mfts i g 

e/14^ CCOt&^-gfpS i GeS4±|C^$ttfc^ 
S i if 6 3&*6>4S^W«:aaRdS»rt*^5 0 
[0 0 6 6] COJ:^CtT^$tlfcIS i Jf6tt\ 
CZifi«tJ|:$*ti5»|l«ftt|^«*i5/>4< % HFfM 

[0 0 6 7] Si mtM2 b#*»fQS iGem4tn 

[0 0 6 8] J&2 0*lS«-Ctt, WiT-Mli:^^ 
S i Jf 6 fciS3o«<a«M4£^i-J: 9 fc*J*T?# 5©T 
MIM^I^L^^o ^fc, S i GeJB4£fl2j5£ 

t 9m±&%W&t>1t1rZ>- ^KioT, i!)SiGe 

[0 0 6 9] *3t, ft^SH^^tcT^D-fe^^jgjKtc: 

tf5»^fi, s iGei4^±i:^«^M^titv^ 
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[0070] mk, m i o^nmmtmm^m 1 2<c^-r 

So 

[0 0 7 1 ] (S& 3 <7>HJg^f£) [gj 5 (l*3g0/]CO|g 3 (7) 

[0 0 7 2] m3V)MM®H*. i5CI:^fS iGei 

6 {CTjk-fX 9 IC S i G e M 7 *<OG e M&tf S i gl£ 1 
«cT<g;«^ SIS i /f SWct^j^;:/^ J; o 

[0 0 7 3] Z<Dt$S im%llM<DG emf$.frO%± 
S i m 8M<DG em&tf 1 O 0%*»-e*5; 
<bdS^*-C*)^ 0 ftfcftlCliS i £fi H»J<7DG eiSflW 

0 a t m% J: ^< 30 a t m%J£i.TT\ IS i Jl 8 fRU 
ro GeiS^3 o a t m% J: 9 *: # < 100 a t m%* 

£ 9#P£ Kli80a t m%^Tti)6J: ?|:S i 
Ge|7^(7)G eM»f6^^5H LV\, 
[0 0 7 4] rOi^CSi G e m 7 <0&!&&fflffl<tZ> 
C<biCj:oT. S i mitm2 t S i G e«7tf>J*ffij&>P> 

Lfcteffitt s i g e 6 7 + *Ar-zfi>mi&-tz <fc 5 

[0075] KT^wftawtoaa^tttrRw-rs. 

[0 0 7 6] ife-r, (15 AlC^-f J: 5Jc x S i*«l_L 

t-« i (onmwm t mm^ib s i n^it 2 

So 

[0 0 7 7] EI 5 BRXfm6t^~tJ: 5 (C, S i 

S«2 1 JifCS i Gel7«f5 0 ^CD^OGe 
*Ifi£f^ ±ISL^«t 9 S i ^K2 1 #><bG e|£J5fe^^^ 

[0 0 7 8]fc Si»ft»20±ffi2siSiGe 

1 i <nnmm t mm^m r> **>-&s« 

[0 0 7 9] ftjc, MioltiKM&nii^s i£«2 1 
SrWBIU SiGei7S:»faas^ e 

[0 0 8 0] wOtf S iiS2 1(7)$E(DS if^r 
<»<at«J;9(Ct6iS i GeH4*Sft?ttft£*l£ 
^P50#(c: s s i»8^9lo3B!?5B*s«ASn*o -5>-f 

[0 0 8 1 ] r<Z)J; pt-LT, S iSil Z<DS i 
«ftl±l:^^fcSi»ftl2i:, -*>S.iBMfc!« 

2 ±fcji D J: u ^ S nc e <om&tf** Kg 

fbLfct&T-SfOS i G em 7 t. Z<D#*fflQS i G e 

m 7 MzMtit ztitzms ii8^e>45 
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[0 0 8 2] S iSMsK2£fe-7-ttfbS i G e M 7 t \t 

[0 0 8 3] 0F«gElMd:*JR|xa«:S i Ge|7in 
<fcl*LT, 5t-f S i G eil7 £te^-ij$fQ £ -tf, &(CMB 

EKvDSiaof>y 3 >«r<»<swst 

S^<t{CJ;oTMS i 18 ^Mt6: t fc^tg-t**, 
10 S 0 

[0 0 8 4] *jt*«-Cli, S i Ge|7^G 

e^li, S i#teJBi2(£ittlM*^(£^fc#>, SiBMfc 
El 2 <t S i Gel7<7)ftffi-C3S4L^»ttS i SfcfbJgl 
2<mzfflCZtbbtLX, m*)&t>-£'&<DS i Ge/l7CD 
MS i JB8 ^cOffffidtt^F-aftUfcS i Gemtm^ti 
So ^ftlcj; Oa#(c«|dLfcS i G e/f 7 CD .hie, §| 
«9 3!^£Wir- SMS i «8^fiE$tt6 B 

[0085] ®*p<D&m<r>m^ r^-/ns, 

20 S iS«i2 lCO«^^H*(C<to"C, ^fDO^S 

[0 0 8 6] a*, jBioHlfeM^^WcBi 2tc^-r 

mi sfet^is imizM&ztiZo m3<nnmmtc 

te\t^Xhm$hJ3\£&tltzM I SFETHH:t«| 

So 

[0 0 8 7].(|4cO»i) I7|i*»i4(7) 

30 So 

[0 0 8 8] »4(D|llfe«f»jTfi, El 7 B^Tjk-tS 
2 1 lOS iGe|7 *><DG e jftS^S® 8 (C^J; 9 

S i GeS7<OJK*«cttfii- < 6 0 JtO«. 

H7BRt5H8tc^U»^a?*t 
SWSift^ntS i Gel70±i7 s t/j:§ 0 * 
OJ: o\ZS i Ge^7(7)a^^M^IL^^^ffl^Sr 

40 mitm2 t S i G ef7 <fc*ffia»fc»£ Lfc<Effi«t S 
iGel7^^y»fijcf5J;9(:ifir U S iG 
e® 7 ' tms iJl8 0#HfcWtJl36»4v\ J:oTJ:»9 

[0 0 8 9] ^ «bfC s ^^^^itmiCOS iGel7C0i 
Adcft^ % S i St£2 l±(C>fgG eKfta»bm*fri-£o 

^^W-TS SiGel7' is»bh5 4 
[0 0 9 0] J^T, *W#:*«0«ijg*j5feS:tt^i-5 o 
[0 0 9 1 ] m 7 Alc^<t 5 fc, SiSfiU 

50 (c^^m 1 (Dmmmm tmmizs i k^jk 2 srjg^-r 
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So 

(0 0 9 2 J 0 7 Bat/H8lC*i-«t OK, Si 

SS2 1 ±IC^AS i G el7*G efiffcJtJWUfciaiU: 
0 a t m%-> 3 5a t m%-» 0 a t m%£ ft S <£ 0 \Z.B 
f&tZ>„ Kl'tS i G e 7«Gefflfi)titi*S#t)ilil^* 
tt*-C»BMfcU SiGel7'£-fS 0 Z(»&%S i 
Gel 7 'OT±ffi7 s ICllG efflfi)clt3 5 a t m%COffi 

10 0 9 3) ftlc, S i gHfcflf 2 «±ffi 2 s £ S i G e 
7 'co±E7£££;b-eS<t?lC2o<DS iStSl £2 io 

WHte^i:[Bl«{cS iS«2 lfrB*U Si Gel 7 

ii*r<*<»+J:5l-tSiS iGef4WS 
ft£ft5i:IB|B*.c, S il8t3lo«92i**A**i 
S„ r^i-5CtT-<toft^t*7 h^*fioftv»A»*Jfi 
S il8£flMT'#S„ 

[0094] ZWi^lCLT, S i SSI :©S i 

»Sl±K»ja3ftfcS i«{fc*2i, rcOSi^kK 
2±lc3St)^i5*(cJ;9^**iGeOia^5^>«r|c:gE 20 

ItLfcte^gfOS i Gel 7 t, :Oftf«fiSiGe 
!7'±KJlM£*lfc:SS il8*>f>fc 

[0 0 9 5] S iSflO^fcfc^afoS iGe!7 ' i 
liUflft litt^S L T V ^ S # * <0#j£ \Z 0 ~ 5 n m «fc 
9#*L<liO~2 nm<0#E/-5y7rlSrtLT^T 

r0>JMB'<5'77lttflx.tfs irt^&sto 

10 0 9 6] UF*5feV^tt«lilS*rS i Gel 7*1?* 30 
<fclJ Lt\ 7C"f S i GelTSrft^ftftS*, fcKMB 
E * C V D ft (' <fc o X > !> ^ f 1 £ w < H< Sfifcg $ tf 

4:tiaotss ii8^^t5^tt^-efc 

So ' 

[0097] Mil whim t mmm 1 2 K*tM 

IS FETUSES il8I^J***l5. 84 0&I6W:: 

So 

[009 8] ($ 5 ro$ife£jl8) H9tt*3BW«>*5(0 

[0 0 9 9] ftSOMmiXtt, Si£«2 1±fc, *i 
tt^tASnSft^UfPS i Gel4 0fcfc*Wfol,fc 
S iGegl lrt^frSS iGef £JfMtSo SiG 
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[0 10 0] WT**#*«ro«iS*ft«rttW+5. 
[0 10 1] $tef\ 0 9 AIC*1*J:3IC. Silfill 

ic» 1 nnvMt mm^ih s i mm 2 

[0 10 2] 09Bld/Tt<t'5lC, m<os i sis 
2 l±i::±iaLfc.fc9&Ge*fiJ#«S iGe/<'/77l 

4 0fc+#KW<$rtltt*«»$-tl:5. :«^Si 
Ge/<y7 7l4tl-lil5tt3 3&%£tZ>tf+MC& 

t\ rWtt^-ttftLfcS i Ge'<y77l4±IC 

ttT-ftfbLfcttitttWAffftS i G el 1 1 *J&St 

S, s i G e co€-lcofi)cft^ftii^ 1 ro&fcfljlcAi-f 

[0 10 3] S i|MfcB&2eD±iE2.s itt^ttft 

LfcSiGell lOJtBl 1 s <fc ? IC* 1 

ro**«tPMIHc2o<os i &Kl i 2 l 

So 

[0 10 4] WC, Si«2USiGe/<77rl 

IC, tt^ttfdLfcS i Gell l_h(c!S i!8&fl£$ 
tS. (B9C) ^tfU^lcLT, SiS&li, 

5 i»fil±|c^$nfcS iHWk»2t, ^«Si$ 

m2±\cm QmztitLft+ms i g 

ell It, CKDte^tSftS i Gell l±K»fi££*l 
fcSS il8^b^S*S»ft:£«^»S$HS, 
[0 10 5] S i Ge/<5/7rl4 Oli, S iGe/<-> 
7rl4 O^cos i S^2 lWfctit+S.z^yfX'Z.Z 

s jratett, 5^7^-7 HEffi* ifo*»#BB c c * e> 

tvS„ -tWigfrS i Ge^s'77l4 0WSBB«|-Cli, 
*5tt^jfc<tt : f-l8ftLfcS i Gel^HS^tlS, 
[0 10 6] i G e/<-77rl4 OCD^ffiffllG e 

S if/<-f^l.c0fa©fi*#Btti*ii*J:5 
ft»*-C*>o-C, AfflttKlttSOa tm%±9*#< 8 
0 a t m%£tT-C*>»» , i&l¥/jfitf>G e 
■C*)5)K.*I44V\ i©S iGel4 0O»*t§|#tt 
l^T , SiGe^ -7 7714 <D*ffi«fl$ 1 I5H)K&*&J* 
fc#t5S iGell l«r/*ft$*4ii-e, «5ffi<eif 
©>:»«JtSrfi«LfcilifiR«»S i G el 1 1 tfMtit 
$nS 0 

[0 10 7] ri-eRHi450tt^S'77li tr* 
um<DS iGel4 0O|gfijaftlCliIIRttfttlSft«*W 

(7) J: 5 K« "9 omit? D-t^lCioTS^^ 
^/VltSfPS iGelOffWRift^m-CtS. L*> 
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[0108] &L&m i ommmtwimcm \ 2c^tM 

1 S FET#$S i l8t:M^fti6o M 5 (OMI&miz. 
[0109] (me coHtt^tB) m i o W^p^)^ 6 

<nw\&mx&>z> 0 

[oi io] m 6 ^'Mmmx+w® 1 o b -c^-r s i mm 

2 1 JlIC, tete£*A£n6te^*gfPS iGe/<-;77 
140, *fr ^HSfD SiGe^77 7 i40 ±(C»^-«fP 10 
SiGell K iSillO, giJ^te^NSfq SiGe 

11 3&igiKLT^fifc»ic, «<9^-fr^nir^^tt 

[0111] $tf, @ i o Aizfik-tx o \c s si mm i 

Jbiclfl l (7)^JS^J k mm^ib S i SMbR 2 *r»riM- 

) 

[0 112] &(C, U 1 0 BtCT^-t-J; 9tC, SUCOS i £ 
82 1 -LKJS 5 OHJ60»J fW)^(C^^ S iGe/<y7r 
14 0£J?<ff2/&Lte?-afD£-££ o ;icoft^«fnLfc 
S iGe/<^7ri4 0±(C, *^H»?P S iGell 20 

K IS ill 0, ft^ftfD S i G e 1 1 3 £^ttTj& 

[0113] H 6 ( c ) tc^-T J: 5lC Si BKfc 

m2<D±M 2 s ^r^T-SfOS iGell 3 0±ffil 3 s 

J: 5 l:s iSISU2i 1 ^HJKffll t PI 

[01 14] isfcic, is iii ods*aB^as £ o^m 
mhz^^tTkm&Am^j:*) s i 1 . ttfans 

iGe/<^77l40, fe^-ilifa S iGefl 1 
i"5 0 HOC) ro<t9(-LT, S iSfili, r 30 

<ds i mmi±icmj&£frtzs itMM2t. ros i 
mitm 2±izmv &tnt\£ «t * tus^iRft s \ g 

1 efl3t lOfefiftSiGelUilcM^fH 
fc^S ill O^P>*5**frl6«35S^Sn2), 

[0115] *3H6«-ctts i mm 2 i±^*ritsjxfc 

ft^HSftS iGellli(DSiil Oligf t^lo^i 
^I^ltt^^ £ <blC^CDji<7)S iGell 3f* 

[0116] »^«fP S iGell 3 teflfi t) ^WtO 

ati2 1 s iGeii 3a><bo#ffia>k!8£-r£*te 40 

tote, JB3fc5V^ttJK4<o*llS«(Z5j;5 
[0 117]$t »T-«ftlS iGell 3cO±(C^, 

[0118] $6 O*J60*J-m, «fa*0>»i^ S i G e 
1 1 3^>±(d^-O^0$HfcS i 1 1 OSrtt^fiRi" 
5C^dsaj*SJL, »^«|PS iGell 3*<DGeM 
|^30a tm%^^< 100 a t m%ftffi<DKX* 

&M\cmXzk W-*** *6ij^l2±cos so 
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iGell 3^S i 7 s *1 1 0 C0jf:;^£ *tl*?tl 

l 0 nmaTi:t6;i: 1>^I^-C*)6 0 

[0 1 19] -t05»S*, »*II2±(0*»H»**4 0 n 
mWT(cjin^6Ci:7i^^T^^ SO I #J&£+#^iS 
J&U T^o + tf/^m^S i x'^^JI 1 0{cfn^D-C# 

[0120] «^ i (onmm t mmcm e <o%mm\z 

*3^T hmWltHZ&tltcM I SFET^:^5^ 
[0121] (17 COHtfiffSflfi) HI 1 l ii^P^i 7 

o> Wr a la-c 

[0122] *nmmn, ^^t>^mm<o-^t it 

SiM2 1(Dfbi9i:SiGeStS3 1§rffll\ Si 
Gel|3 1 ±lCi5l£ftLfc»^«fnS iGell 1 £ 
IS ill 0i te^HSfr S i G e 1 1 3 t S i ®HbR 9 

[0123] $fci\ M 1 l Aic^-T J: o Si 1 
Jbt^fg i coHifctfiJ t IBtt£(c^#> S i mtm 2 SrJRrti" 

[0124] 1 1 B(C^rf X 0 SiGeS 

&3 l±(C»10|gl6«i:ISJ«tC^^S iGell l«r 
JgjSU w<7)S iGell 1 _h(C> Si if 10, SiG 
el 1 3 (Sill OttJOG e»J«J&S3 0 a t m%J; Kf 

±) , s i mkms&m-txiifL&'tZo 
[0125] ^c, si mtm 2 <D±m 2stsi mt 

m 9 C0_h® 9 s i9(CS i £1 USiGe 

s«3 1 &mi<Dmm&\kmmizm*)'&ii-£z>o 

Jfe^iOSiGe 3 1, S iGell 1 *r»*"f 
[0126] si i: 9 |:lt, 1 1 Ctc^-T J: 9 (-S 

12k, z<ds imtmi 2±\zmv&t>-&i l z£<9M& 

^Mf-ifPS iGell r^I^PS iGe 

1 1 3±^*rtstbfc^s i 1 1 o*»?>46**ffas« 

[0 12 7] roii^li^fc^o/tft^ttS ilMbBI 

m^lCS i GeJBl 3 t*6i»l9<7)j»^ffi^e>«^5 

^-f^S iGell 3tWGe««*:W-l:t5fcJ: 

[0128] **Ki«-Ctt, StS3 1 h l/yf-i 
^51 lliWCSi G elia*«:«FO»-&S:^Lfc^ % 

[0129] 1 <nmmw t mmicm 1 2 to^tM 

I SFETMS ill 0CM*W. H6<7)||ite0i] 
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[0 13 0] ±t£^l 7!;^7G03ia8j#j-e(i N £ 

2 <o^w«:iiw»T-^«rds» i <D*m#n<n#*fe&£ 

Si, G a A s N S i C, GaN, GaAlAs, In 
GaP, InGaPAs, A I2O3, BN, BNC, 
C, itXfti:7HMKAl$ii^S i (^««JB) , S i 
(*tt*P) s S i (^M^A s) , S i Nx x Z n S 

*x5B<£>»££li 1 X 1 0 Z0 a t m%mffiT?&>Z>Z. t^M 
[0131] ±EJB 1 ^1^ 7 WHJSWTW. m& 1 , 
G a A s , ZnSe, SiC x Ge, l^^r^T, 

mmx?*. y^r^f y^o^fH^r- 

[0132] ±«B» 1 7!>M# 7 OSI««-efi|6«lK 2 . 

9 t it s imfc**«HL,fcas, ^ya^iifti, 

[0 13 3] 

^Jl^)JIS*tt^b36Sfi«4ix-&i:*^, SOU 

[■BottWttlMFU 
Wi-5fei6(Z)*ffi»fffiBo 



1(213] *^c^##g&<7)^ig;*&£!ftf^Sfc 

[8 4] *«W^*W*«««o«!it#iSfe«rttW-r-5^ 
«6wS«WBH. 

[El 5] **W<o*W»:S«wjH»*fe4:lttW-r-&^ 

[B6] *ftw<o*m&mmz&rtz>s \ g eiwc 
emf&.&Tjk'tmo 

IB 8] *«Ww¥**SS{Cfclt5S iGel^G 
IB 9] *»Wo*!»***<ojHJt*iSfe*rlttW-*-Sfc 
[010] **WO^*«:*«^«iS*-ft«rttWrs 

IB111 *&w<D*mftm&&m&xm&®.w-fz> 

[012] **WO*i»(*:««4r»Wi--5^a6w*^ 



[«F*0>KW1 



1 • • 




2 • • 


• ■ &mm (s i mtmm) 


3 • • 


• - son 


4 ■ • 


• 'SiGei 


5 * • 


• • IS if 


6 • • 




7 • • 


• • SiGei 


8 • • 


• • s^itMt^is i m 


9 • • 


• * te^H 


1 0 • 


• • • IS if 


1 1 • 


• • -SiGei 


1 2 • 


• • • %&MM 


1 3 • 


• • - SiGei 


2 1 • 


•••si mwi 


3 1 • 


• • • S i G e S4£ 


3 3 • 





[Hi] 



12] 



SiGe 



A 



Si -1 



1A 



STRAIN 



ANNEAL 



33^, 



~si H 



SiGe • ~4 



a -1 



1B 





SI 






SiGe 






Si 





2A 





Si 






s iS e 

(B) 






SI 





2B 



STRAIN 



SiGe 



•5 
4-4 



2C 



(11) 



ftm 2001-217430 




[B9] mix] 
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